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Abstract
The reproductive cycle, food habits, and age and growth of the river shiner, Notropis blennius (Girard), inthe Arkansas River
fwestern Arkansas were studied from May 1996 through October 1997. Based on gonadosomatic indices and mean ovum
iiameters of females, tubercle development in males, and the first appearance of young-of-year in samples, the breeding sea-
son extended from June through August inboth 1996 and 1997. The river shiner is a diurnal, generalist feeder that forages on
a wide variety of food items. Inall four seasons, detritus dominated the diets of adults and juveniles in terms of volume and
frequency of occurrence. Aquatic insects and algae were also important food items. Itis a short-lived, r-strategist; ithas a max-
imum life expectancy of about two years and has successfully maintained stable populations in the Arkansas River for more
than 30 years after the construction of the Arkansas River Navigation System.
Introduction
Life history aspects of many North American minnows
nhabiting large rivers are poorly known. The river shiner,
Notropis blennius, was originally described from the Arkansas
liver near Fort Smith, Arkansas by Girard (1856). It is a
chooling species occurring in large rivers throughout the
Vlississippi River basin and the Hudson Bay drainage of
outhcentral Canada (Etnier and Starnes, 1993). The river
liner is common today in the Arkansas and Mississippi
vers of Arkansas where it is usually found in the main
lannel inmoderate current over a sand substrate (Robison
nd Buchanan, 1988). Itavoids quiet backwaters and strong
urrents. Completion of the Arkansas River Navigation
ystem in 1971 drastically altered the environment of the
rkansas River, but Nblennius continues to maintain a large
Dopulation near its type locality. Itis currently the second
most abundant cyprinid species, after N.atherinoides, in the
rkansas River near Fort Smith more than three decades
ter the construction of the navigation system.
Practically allavailable information on the lifehistory of
N. blennius is from the northern portion of its range.
Whitaker (1977) studied food habits in the White River of
Indiana, and Becker (1983) provided data on food habits,
reproduction, and age and growth in Wisconsin where itis
found in river and lake environments. However, there is
little ecological information for the river shiner in southern
areas of its large range where itis restricted entirely to large
rivers. Because itis common in the Arkansas River, the river
shiner may play an important role as a forage species for
predatory fishes. Knowledge of its life history willcontribute
to a better understanding of fish community dynamics and
may be useful inmaking certain management decisions. Life
history information can also contribute to a better
understanding of the important ecological attributes that are
responsible for the continued survival and abundance of N.
blennius after the construction of the navigation system. Our
objectives were to describe the reproductive cycle, food
habits, and age structure of the river shiner near its type
locality in the Arkansas River of western Arkansas.
Materials and Methods
Collections of TV. blennius were made monthly from May
1996 through April 1997. Because no ripe females were
found during this period, bimonthly collections were made
from May 1997 through October 1997. These collections
were made between the hours of 1200 and 1500 from the
Arkansas River approximately 0.8 km downstream from
Trimble Lock and Dam of the McClellan-Kerr Navigation
System in Crawford County (Sec 31, R31W, T8N ) with 9 x
1.5 m nylon seines of 3.2 mm mesh. All sampling was in
dikefield habitats adjacent to the navigation channel in slow
to moderate current over predominantly sand substrates. To
estimate summer daily feeding periodicity, river shiners
were also collected at 3-hr intervals over a 24-hr period on
29-30 June 1998. Specimens were preserved in 10% forma-
linand later transferred to 45% isopropyl alcohol. Allspec-
imens were weighed to the nearest 0.01 gand measured to
the nearest 1.0 mm standard length (SL). The identity of
other species of fishes collected at the study locality was
recorded for each sample.
The reproductive cycle was studied primarily by deter-
mining periodic changes in the reproductive condition of
adult female Nblennius. Measurements of ovum diameters
and determination of ovary masses were made on speci-
mens collected between May 1996 and October 1997.
Ovaries were removed from the fiftylargest females (or all
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Fig. 1. Mean gonadosomatic index (GSI; rectangles) and mean diameter of larger ova (circles) for Notropis blennius from
monthly Arkansas River samples in 1996 and 1997.
adult females if fewer than fifty) from each collection, blot-
ted dry on paper towels, and weighed to the nearest 0.01 g.
For each collection, female gonadosomatic index (GSI) was
calculated, where GSI = ovary mass/ (total body mass -
ovary mass) x 100. Mean GSI for each month's sample was
calculated by averaging the GSIs of the individual fish. An
ocular micrometer was used to measure the largest and
smallest ova to the nearest 0.1 mm for each specimen exam-
ined. Ten ova from the largest size class of ova present from
each individual were used to calculate mean ovum diameter.
The mean ovum diameter for the entire sample was also cal-
culated. Fecundity estimates were obtained by direct counts
of all ripe ova in the ovaries of reproductively mature
females. The reproductive condition of adult male river
shiners was determined by the development of tubercles
and by gross examination of the testes. Sexually mature
males were tuberculate during the breeding season and had
enlarged, white testes.
Because N.blennius has no distinct stomach, food habits
were determined from 474 specimens by examining the
contents of the anterior one-third of the s-shaped digestive
tract of 50 specimens from each collection made from May
1996 through April 1997. All individuals were examined
from samples having fewer than 50 specimens. Gut contents
of each fish were removed and identified to the lowest
practical taxa using a dissecting or compound microscope,
and percent volume of each food item was visually estimat-
ed. Counts of individual food items were not possible
because Notropis species macerate their food (Surat et al.,
1982).
Food habit and reproductive data were grouped accord-
ing to the following seasons: spring (March, April, May),
summer (June, July, August), fall (September, October,
November), and winter (December, January, February).
Morisita's measure of overlap as modified by Horn (1966)
was used to determine the degree of diet overlap between
males and females, between adults and juveniles, and
among seasons for adults. Specimens under 35 mm SL were
considered juveniles. InMorisita's index, the overlap coeffi-
cient, C, ranges from 0, when samples are completely dis-
tinct, to 1, when samples are identical with respect to pro-
portional food categories.
Because there were no discernible annuli on the scales
of N blennius, age categories were estimated from length-
frequency analyses. Length-frequency histograms were
prepared by plotting the numerical frequency for each 1
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m size group.
Results
A total of 1,223 individuals of N.blennius was collected
jring the study. Based on appearance of gonads and, in
<ales, occurrence ofnuptial tubercles, the smallest sexually
lature individuals of both sexes were approximately 35
im SL. Gonadosomatic indices and mean ovum diameters
f female N. blennius indicated a reproductive season
xtending from June through August in both years of the
tudy (Fig. 1). In 1996 mean GSI values peaked inJune with
.. second smaller peak in August; in 1997 a single GSIpeak
occurred inAugust. By September ofboth years, GSI values
and mean ovum diameters dropped drastically. Ovaries and
ova remained small from September 1996 until May 1997,
with ovarian masses averaging 0.8 - 1.0% of the somatic
mass during that time. Accelerated ovarian development
began by mid-May 1997. Although no females were found
with ripe eggs in 1996 or 1997, the change in mean
diameters of the largest developing ova present paralleled
that of the seasonal GSI values for both years. Five female
N. blennius taken on 3 August 1998 possessed ripe ova.
Those females, which ranged from 50 to 69 mm SL, con-
tained from 97 to 667 ripe eggs. Nuptial tubercles were
developed in male river shiners from May to October in
1996 and 1997. The tubercles occurred only along the rays
of the pectoral fins. This tubercle pattern closely resembled
that reported for Tennessee and Missouri specimens (Etnier
and Starnes, 1993; Pflieger, 1997), but differed substantially
from the pattern reported by Scott and Crossman (1973) for
northern populations of river shiners.
Examination of intestinal contents showed that N.
blennius in the Arkansas River consumes a wide variety of
food items (Tables 1 and 2). Inall four seasons, detritus dom-
inated the diets of adults and juveniles in terms of volume
and frequency of occurrence. Aquatic insects and algae were
also important food items. Some food items, e.g. terrestrial
insects, were ingested when seasonally available. Only two
individuals had fish remains in the gut. This occurred in a
June sample when larvae of several fish species were abun-
dant in the river.
As indicated by Morisita's Index (MI), there were no
sexual differences in diet in any season in terms of volume
Fig. 2. Feeding periodicity of Notropis blennius in the Arkansas River expressed as percent empty guts during the 24-hour sam
pie on 29-30 June 1998. Peaks represent times of least feeding activity, valleys represent times of greatest feeding activity.
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of food items ingested. Juveniles and adults differed in this
feature only in fall samples, when juveniles fed mainly on
larval Trichoptera. In terms of percent frequency of
occurrence of food items, juveniles and adults were very
different in all seasons as indicated by the low MIvalues.
Adults fed on a wider variety of food categories than
juveniles in all seasons except winter. The juveniles ah 3
ingested smaller food items than the adults. No distil t
sexual differences were found in variety of food iten s
ingested. Diets of males and females also differed inpercei t
frequency of occurrence in all four seasons. Season; 1
feeding intensity was indicated by the percentage of empt /
Table 1. Gut contents expressed as mean percent volume by season for male (M), female (F), juvenile (J), and adult (A) Notrop s
blennius from the Arkansas River, 1996-97. For each season, the first Morisita's Index (MI)value compares the amount of diet
overlap between males and females, and the second MIvalue compares diet overlap between adults and juveniles.
Spring Summer Autumn Winter
Item MFJA MFJA MFJA MFJA
Coleoptera 1.7 1.8 0 2.1 0 0.5 0 0.4 4.3 1.2 75 2.5 9.1 1.9 3.9 6.6
Diptera 6.9 4.6 0 7.1 2.4 2.4 8. 91.4 3.3 1.7 0 2.5 1.4 3.2 0 4.4
Ephemeroptera 0 0.9 0 0.5 3 2.2 0.8 2.7 6.5 5.7 0 4.1 0 0.5 0.6 0
Trichoptera 1.1 1.3 0 1.5 0.5 0 0 0.2 0 0.9 0 0.6 5.7 5.6 0 10.5
Other aquatic
insects 4.2 7.9 0.7 7. 0.2 0.3 0.6 0.3 2.3 2 0 2.2 30. 27.7 28.7 29.2
Terrestrial insects 1. 0.8 0 1.2 2.8 2.6 10.6 1.4 0 0.1 0 0.1 0 0 0 0
Crustaceans
(Cladocera,
Copepoda) 1.8 11.4 4 6.9 3.8 7.5 8.6 6 0 0.5 0 0.3 9.5 11.6 14.4 7.3
Protozoa 0.1 0 0 0.1 1.1 0.2 0.8 0.4 0 0 0 0 0 0 0 0
Oligochaeta 0.6 0 0 0.4 5.2 0.9 2.8 2.1 0 0 5 0 0 0 0 0
Rotifers 0 0 0 0 0.5 0 0 0.2 0 0.1 0 0.1 0 0 0 0
Detritus 59.750.07 58.6 54.6 52.1 42.6 38.9 46.5 47.5 48.7 2.5 49.4 33.9 33.2 37.6 30.2
Algae 15.8 9.5 32.1 8.4 20.7 33.5 24.2 30.4 29.8 23.3 17.5 26.6 6.6 6.6 8 5.3
Seeds 3.3 2.1 0.5 3.2 0.5 3.4 0 2.9 4. 9.2 0 6.8 3.6 5.6 6.1 3.4
Vegetation 3.3 8.4 2.1 6.5 4.8 2.9 3.1 3.5 2 4.3 0 3.5 0 3.9 0.7 3.1
Fish 0 0 0 0 0.1 0.1 0.3 0.1 0 0 0 0 0 0 0 0
Eggs 0.7 0.4 1.9 0.3 2.2 1.1 0.6 1.6 0 2.3 0 1.4 0 0 0 0
Morisita's Index 0.904 0.913 0.952 0.953 0.986 0.334 0.980 0.943
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its, which was greatest in winterand lowest in summer and
il (Table 2). Most guts that contained food in winter
onths had a low percent fullness. The diversity of food
3ms showed a similar pattern, with fewer types of food
consumed in winter and the greatest variety consumed in
summer.
Feeding activity during the 24-hr summer sampling
period of 29-30 June 1998 was determined by the
able 2. Percent frequency of occurrence by season of various food items in male (M), female (F), juvenile (J), and adult (A)
'otropis blennius from the Arkansas River, 1996-97. For each season, the first Morisita's Index (MI) value compares the amount
f diet overlap between males and females, and the second MIvalue compares diet overlap between adults and juveniles.
Spring Summer Autumn Winter
Item MFJA MFJA MFJA MFJA
Gut empty 17 28 19 23 9 12 10 12 23 9 0 16 39 26 31 35
(leoptera 3102 0202 54 100 5 9256rtera 10 408 16 15 55 9 7908 2204hemeroptera 0101 76 10 5 13 110 10 0230
Trichoptera 1102 4002 0201 4508
Other aquatic
insects 8 13 4 12 2 15 1 5 6 0 6 28 31 31 29
Terrestrial insects 4304 16 7 25 7 0201 0000
Crustaceans
(Cladocera,
Copepoda) 7 10 8 9 24 20 35 19 0 4 0 2 9 14 15 8
Protozoa 1001 13 3 15 5 0000 0000
Oligochaeta 1001 11 255 00 50 0 0000
Rotifers 0000 4002 0201 0000
Detritus 75 56 81 62 89 86 90 86 72 83 50 79 52 60 59 53
Algae 50 28 46 37 76 79 70 79 67 64 50 66 26 26 33 20
Seeds 6847 7809 8 23 0 16 7584
Vegetation 14 18 15 16 22 13 30 14 10 19 0 16 0 5 3 2
Fish 0000 215 1 0000 0000
Eggs 3181 23 10 2 0402 0000
Morisita's Index 0.926 0.957 0.985 0.901 0.968 0.531 0.973 0.969
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percentage of empty guts (Fig. 2). The greatest feeding
activity occurred shortly before dark (1830 to 2130 hours),
and two other periods of feeding activity occurred near
dawn (0630 hr) and at 1230 hr. Some feeding occurred
throughout the 24-hr period, withempty guts most common
at 0930 (60%), 0330 (45%), and 0030 (36%) hours. Sixty-
eight percent of the individuals having empty guts in the 24-
hr samples were females.
Young-of-year (YOY) were collected during the
breeding season for the first time in late July in 1996 and in
late June in1997 (Fig. 3). Some Individuals less than 35 mm
SL (sub adults) were collected inspring 1997, i.e. age group
I.Therefore, three age groups (0, I,and II)were present in
samples only during summer months when YOY(age group
0) first appeared. The YOY age group represented the
largest proportion of individuals in the population by late
summer. Length-frequency histograms (Fig. 3) indicate that
N.blennius in the Arkansas River reaches a maximum age of
about two years. There was no discernible bias in the sex
ratio of adult females to males (1.0 :1.2). Females attained
greater standard lengths than males, and in most samples
the largest individuals were females. The largest specimen
captured was a 69 mm SL female, whereas the largest male
was 58 mm SL.
A total of 33 fish species was taken from the Arkansas
River sampling locality in 1996 and 1997. Menidia beryllina
was the most abundant species collected. Other species
taken in relatively large numbers included Dorosoma cepedi-
anum, D.petenense, Notropis atherinoides, Cyprinella lutrensis,
and Pimephales vigilax. Infrequently collected cyprinids
included Campostoma anomalum, Carassius auratus, Cyprinella
venusta, Cyprinus carpio, Luxilus cardinalis, Macrhybopsis
storeriana, Notemigonus crysoleucas, Notropis boops, and N.
buchanani.
Discussion
Notropis blennius has a moderately long spawning season
extending from June through August. Protracted
reproductive seasons have been reported for a number of
cyprinids in the southern United States, and Matthews and
Heins (1984) concluded that protracted spawning may be
adaptive to a variable environment. By distributing
reproductive activity over a long period of time, the chance
of losing a large portion of the annual recruitment is
reduced. The bimodal peaks in GSI values and mean ovum
diameters inJune and August 1996 (Fig. 1), along with the
bimodal YOY length-frequency distribution in September
1996 (Fig. 3), indicate the likelihood of multiple spawnings.
The presence of small individuals in the January and
February 1997 samples (Fig. 3) further supports an extended
spawning period for N.blennius. The young fish collected in
January and February probably hatched in late August or
early September but grew very little during the fall ani
wintermonths. The timing of spawning peaks, which varie 1
in 1996 and 1997, during the breeding season may hi
related to environmental factors such as food availability ,
temperature, and discharge, which can be highly variable
below Trimble Lock and Dam. Water temperatures during
this study varied between 7°C in December 1996 and 31°C
in August 1997. Temperatures during the peak spawning
periods in 1996 and 1997 ranged from 26 to 31°C.
Discharges at the time of sampling varied from 142 to 481
m3/sec throughout the breeding season in 1996 and from
708 to 1,558 m3/sec during the 1997 reproductive season.
Although data on the average GSIs and ovum
diameters indicated an extended spawning period, itcould
not be determined from those data whether a single
individual spawned more than once. Because ovaries of
females taken during the breeding season contained two or
more different complements of ova, it is likely that some
individuals spawned more than once. The presence of
several sizes of ova in a mature ovary was considered by
Mathur and Ramsey (1974) to indicate multiple spawning in
Notropis baileyi. Nothing is known of the spawning behavior
ofN.blennius.
Our samples in the 1996 and 1997 spawning seasons
contained no females with ripe eggs. Heins and Baker (1988)
reported that ripe eggs are present only for a few hours or
less within a cycle of 4-5 days in a variety of minnow
species, and random field samples are not likely to contain
many, ifany, females with ripe eggs. The five females with
ripe eggs taken on 3 August 1998 exhibited low fecundities
(97-667 ripe ova) compared to those reported by Becker
(1983) ina Wisconsin population of N. blennius (2630-3039
ripe ova). Becker's specimens were much larger than our
Arkansas River specimens, and our specimens, taken
relatively late in the spawning season, may have been
partially spent.
Whitaker (1977) reported that N. blennius in the White
River of Indiana fed primarily on aquatic insects (mainly
chironomids) in summer, ooze (detritus) in autumn, and
seeds in winter and early spring. Becker (1983) described
the river shiner as primarily an insect feeder in Wisconsin.
The river shiner in the Arkansas River is a generalist feeder
that apparently forages on items suspended throughout the
water column as well as items lyingon the substrate. Itdoes
not conform to a specific trophic level but is apparently an
opportunist feeding on whatever may be most available in
its environment. No data were obtained on the abundance
of potential food items in the environment of N. blennius at
the time of fish sampling. Notropis blennius is primarily a
diurnal feeder, but up to 64% of the individuals in one of the
nocturnal samples ingested food. Differences in percent
frequency of occurrence in food items ingested between
adults and juveniles were due mainly to the juveniles'
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Fig. 3. Length-frequency distributions by month for Notropis blennius from the Arkansas River, 1996-97.
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preference for smaller food items. Similarly, the differences
between males and females in percent frequency of
occurrence of food items may largely reflect the size differ-
ences between the sexes.
The length-frequency distributions (Fig. 3) suggest that
the maximum life expectancy ofN.blennius in the Arkansas
River is about two years. At the times of their first
appearance in the monthly sequences of length-frequency
distributions, YOY river shiner were 14-20 mm SL. Based
on reported YOY growth rates for other cyprinid species
(Fuchs, 1967; Farringer et al., 1979), the smallest river
shiners in our collections were probably about 15-30 days
old. Northern populations were reported to exhibit five age
classes in the Mississippi River of Wisconsin, with average
total lengths (TL)of 61-89 mm, and a maximum TLof 108
mm. Tennessee populations of Nblennius reached a smaller
maximum size than that reported for northern populations
(Etnier and Starnes, 1993). Itis possible that the Arkansas
River population is genetically predisposed to smaller body
size or that predation pressures in the Arkansas River and
other southern populations prevent development of a wider
age class structure. Becker (1983) also reported an average
TLof 37.1 mm for age groupIriver shiners and 58.4 mmTL
for age group IIriver shiners in Wisconsin. This is similar to
lengths of age groups Iand IIriver shiners in the Arkansas
River, thereby further supporting our maximum life
expectancy estimate of two years. There is also a possibility
that river shiners larger than those in our samples were
present in the Arkansas River inhabitats not sampled inour
study. Trautman (1981) reported that river shiners in the
Ohio River remained in water deeper than 1 m throughout
the day, when those waters were clear, and moved into
shallower water at night. They were found in shallow water
inOhio in the daytime only when those waters were turbid.
Turbidities ranged from 15 to 123 NTU at our sampling
locality with an average of 39.2 NTU.Night sampling in the
Arkansas River did not produce larger river shiners than our
monthly daytime sampling.
The river shiner is common today throughout the
Arkansas River in Arkansas despite the construction of 13
locks and dams on that segment of the river during the
1960s through 1971. Pflieger (1997) reported that N.blennius
increased in absolute abundance in the environmentally
altered Missouri River in Missouri during the last 50 years,
comprising 0.1 percent of the small fishes collected in the
1940s and 7.7 percent of those collected in the 1980s. Based
on our data, the river shiner is a short-lived, r-stratigist. A
protracted spawning period, during which a female may
spawn more than once, and generalist food habits are
probably important life history attributes contributing to its
continued success in the altered environment of the
Arkansas River more than 30 years after the construction of
the Arkansas River Navigation System.
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